Using IPC classi mfication method (International Patent Classification) and data collection, patent information hiding in the technological field of the Harmonic Drive is mined. The corresponding patent map is drawn, issues related to research Harmonic Drive technology in the global scope of the patent layout, key technology and research focus are studied. The technology industry development trend, key technology areas and competition mechanisms are analyzed. Patent the main patent applicant applied only involves 5 main technical fields. The domestic research institutions need to increase the technology covered so as to be able to cope the birth of new technology and to draw development present situation and future development trend in the field of technology.
rapidly. In 2013, the total number of patent applications of harmonic drive reached a peak, and then from 2014 to 2016 there was a significant downward trend. China established the harmonic drive laboratory in 1983.In 1984, "Harmonic Drive Standard products" passed appraisal in Beijing. In 1993, China formulated the GB/T 14118-93 harmonic drive standard, and has got great success in theoretical research, trial production and application which helped China became one of the countries who master the technology [5] .
The data in Fig. 2 shows that China's first Harmonic Drive patent applications appeared in 1986. From 1980s to the beginning of the year of twenty-first Century, on the one hand, due to the limited capacity of the research and development of harmonic drive. On the other hand, Chinese scientific research institutions and related enterprises patent protection consciousness is weak. The number of harmonic drive patents was small. After 2000, with the support of relevant national policies and major projects, the patent application of harmonic drive in China has increased rapidly, the number of patent applications of harmonic drive reached peak value in 2016.
Global Harmonic Drive Patent Distribution
As the data shown in Fig. 3 , in all of the global harmonic drive patents, the number of patent applications in Japan reached 923, ranked in the first. The rest of the world's top 5 countries are China, the United States, Germany and South Korea, and their patent applications are 793, 628, 348 and 203. .Global distribution of harmonic drive patents It is not difficult to find the data by observing Fig. 4 , Global harmonic drive patents are from 8 countries and 2 intellectual property organizations. Japan ranked first and accounted for more than 21%；China and the United States ranked second and third, respectively, accounting for 18% and 14%. Germany ranked fourth and accounted for 8%. South Korea ranked fifth and accounted for 4.8%. Britain accounted for 4%、Russia accounted for 2% who ranked sixth and seventh. Singapore accounted for 0.2% and ranked eighth. In addition, the European Patent Office patent applications accounted for 16% which exceed the United States. There are also 12% patents applied through IPC organizations.
Top 10 patent applications
As the data shown in Table 1 , most of the top ten applicants are enterprise. Among the top 10 applicants for patent applications, U.S. institutions accounted for three, Japanese institutions, German institutions, Chinese institutions accounted for two respectively. The other one are South Korean institutions.
In the harmonic drive related technology patents, from the perspective of patent active stage, most applicants' patent applicant has been maintained for more than 10 years. The active stage of the patent application last for more than 20 years was respectively Harmonic Drive Systems Inc., Harmonic Drive AG, Harmonic Drive L.L.C. and Samick adm CO.LTD. Among them, the earliest start to apply for a patent is Harmonic Drive Systems Inc., which has 40 years of history and the total number of patent applications reached 1037. As shown in Table 2 , in accordance with international patent classification, the type of technology related to the patent application of harmonic drive is mainly concentrated in Transmission, Manipulator, Electric machinery, Nonspecific measurement, Shaft or bearing and other aspects. As the data shown in Fig. 5 , transmission is the field pays attention to the development and improvement of harmonic drive itself. In this field, Harmonic Drive Systems company has absolutely technological superiority. The number of patent applications from Three Harmonic Drive Systems company and Samick Adm CO.,LTD which Harmonic Drive Systems Inc. hold controlling interest in this field. Manipulator is the fields pay more attention to the use of harmonic drive. In this field, Harmonic Drive AG, Toyota and Harbin Institute of Technology are stronger. Harmonic Drive L.L.C. is stronger in Optical original system. Patent in Circulating valve field are held by Delphi and Toyota. 
Conclusion
Based on the analysis of the domestic and international patent search, data mining and analysis of the harmonic drive, we have produced a series of harmonic reducer patent management map and patent technology map. According to the patent data mining and information analysis of harmonic reducer technology in China and other countries, the following conclusions can be drawn： 
